Introduction {#sec1}
============

Medical simulation enables educators to enhance and invigorate the teaching-learning process by utilising the pillars of andragogy; shaping the motivation to learn is a key objective.[@bib1] Intrinsic motivation is the driving force behind adult learning; it is essential for accessing a learner\'s intrinsic drive, with the right thought-provoking training aimed at stimulating one\'s mind. Simulation provides clinical anchoring, even for simple procedural skills. Simulation also supports student-centred curricula based on, in particular, students\' needs and expectations.[@bib2]

Simulation training is task-oriented and contextualised.[@bib3] Knowles et al., pointed to becoming involved as a crucial expectation among adult learners. Simulation promotes small group teaching and involves participants in active learning through the performance of tasks.[@bib1] Besides actively participating in simulation training, students can reflect on their performance through feedback.[@bib4]

To enhance the characteristics of low- and high- fidelity simulation, we need to choose learning objectives (LOs) that enable the delivery of valuable training. Keating described simulation as implementing procedural knowledge in the form of algorithms, techniques, methods, and criteria for applicable medical problems. Therefore, training should focus on measurable LOs.[@bib5] Additionally, the LOs of relevant training should be adjusted to participants\' levels so as not to cause frustration or boredom.[@bib6] The literature subdivides LOs into knowledge, skills (procedural or technical), and behaviours or teamwork. The combination of these three types of objectives constitutes a well-structured training programme.[@bib7]

Choosing the modality should follow formulating LOs. High-fidelity simulation is appropriate in complex clinical cases and it enables teamwork, whereas low-fidelity simulation is advantageous for acquiring procedural and technical skills. Higher fidelity does not always equate to enriched learning; sometimes; it can result in overload or distraction.[@bib8]

Purpose of the study {#sec2}
====================

The intended LOs in the student-centred approach should be identifiable; therefore, in our study, we have analysed learners\' perspectives on the translation of LOs through low- and high-fidelity simulation in undergraduate medical education.

Materials and Methods {#sec3}
=====================

General background of research {#sec3.1}
------------------------------

The study involved fourth-year medical students at the Medical University of Lublin (MUL) in the undergraduate medical programme (a six-year curriculum). Those surveyed were recruited from students participating in the Elderly Medicine course. The student sample consisted of 152 fourth-year medical students. Participants had previously completed the simulation-based course, Basic Clinical Skills, during their second year; this course is embedded in the formal curriculum. The modules in year 4 are built on the LOs from the year 2 module. Both courses use the medical simulation technique, Study participants were taught in the newly developed teaching facility, the Centre for Medical Simulation (CMS), at MUL.

The study was conducted in July 2018 using computer-assisted web interviewing (CAWI). The questionnaire was delivered electronically with Google tools.

Research sample {#sec3.2}
---------------

One hundred fifty-two medical students participated in two simulation-based courses: Basic Clinical Skills (BCS) for low-fidelity simulation and Elderly Medicine (EM) for high-fidelity simulation. These medical students were invited to join our study and share their perceptions concerning the clarity of intended LOs. Research was voluntary and anonymous. The post-course assessment was intended to ensure objectivity in their observations; students reflected on what they remembered after completing the courses.

Courses {#sec3.3}
-------

Basic Clinical Skills (BCS) was a low-fidelity (LF) simulation course taught with task trainers (i.e. 15 teaching hours over a period of five weeks). Students took the course during the fourth semester of their studies. Each teaching block (or session) lasted for just over 2 h (135 min) and was held once per week. Five blocks were included based on the five procedures taught during the laboratories ([Appendix 1](#appsec1){ref-type="sec"}). Seven tutors were included in the BCS teaching faculty---one per each group of five students during a teaching session.

Elderly Medicine (EM) was a high-fidelity (HF) course, taking place mostly in the simulation rooms of the CMS and mirroring required clinical environment characteristics (Emergency Room, Internal Diseases Department) with HF simulators or simulated patients. Further, EM included 30 teaching hours of training spread over 10 sessions (135 min per session) held once per week. Seven tutors were part of the EM teaching faculty---one per each group of five students for a simulation scenario session.

One session was an introductory seminar held at the beginning of the course, and one was a communications workshop related to diagnostics and the treatment of elderly patients ([Appendix 2](#appsec1){ref-type="sec"}). The remaining eight sessions implemented HF scenarios. Medical students commenced training during the seventh semester of their studies.

[Appendix 2](#appsec1){ref-type="sec"} LOs of the EM course including the original numbers taken from the bill regulating the content of medical studies following the Bologna regulation (EHEA).[@bib9]

Instrument and procedures {#sec3.4}
-------------------------

The survey administered in this study consisted of an opinion questionnaire with 14 closed-ended questions and a tool assessing the socio-demographic status of the respondents (four questions). Three educationalists, two Doctors of Medicine, and a biostatistician, as experts in the field, reviewed the survey for its relevance and validity. The reliability of the instrument expressed as the alpha coefficient was 0.88, demonstrating adequate reliability.

After completing BCS and EM, participants received a questionnaire containing a list of LOs. The characteristics of BCS had four primary LOs assigned to them; EM had eight. Participants who completed both courses were to assess the degree to which LOs were completed for the BCS and EM courses using a five-point Likert scale. The scale was as follows: 5 *Strongly agree*, 4 *Agree*, 3 *Neither agree nor disagree*, 2 *Disagree*, 1 *Strongly disagree*. Lower scores would indicate the lack of implementation concerning previously assigned educational goals. The LOs were based on current regulations regarding medical education in Poland.[@bib10]

As the last part of the study, participants could provide their general opinions of both courses (EM and BCS) and their substantive value for a future profession, also using a five-point Likert scale. In summary, the questionnaire included 14 questions with 12 LOs to be assessed by the surveyed medical students described in [Appendix 1](#appsec1){ref-type="sec"} and [Appendix 2](#appsec1){ref-type="sec"} and two questions for course assessment.

The questionnaire included a separate sheet (online screen) prepared for the respondents\' socio-demographic data. The open-ended questions included socio-demographic characteristics of the participants, such as gender, year of study, age, and place of residence.

Data analysis {#sec3.5}
-------------

The computer software Statistica version 10 was used for database and statistical analyses. The authors have presented results as percentages and numbers. P-values \< 0.05 were considered significant. The Shapiro--Wilk test assessed conformity with a normal distribution. The χ^2^ test was used to analyse the relationships between the examined qualitative variables. The Spearman rank correlation (Spearman\'s rho) was helpful in an investigation of the relationships between usefulness (substantive content) and the general assessment of the labs.

Results {#sec4}
=======

Participants\' characteristics {#sec4.1}
------------------------------

Of the 152 questionnaires distributed, 121 were collected; of those, 96 (63%) were fully complete. The link to the questionnaire was sent to students via their university email accounts. Participants had four days to complete the survey. A reminder was also sent to the students concerning the questionnaire and extending the time to complete it by four more days.

From the analysis of these 96 questionnaires, it was found that most participants were males (n = 50); further, 81% were fourth-year students living in urban areas. [Table 1](#tbl1){ref-type="table"}, [Table 2](#tbl2){ref-type="table"} present the comparison of socio-demographic traits based on responses to the questionnaire and low, average, and high course assessments for both courses.Table 1Respondents\' assessments of the Basic Clinical Skills (BCS) course.Table 1Assessment of a courseGenderAgePlace of residenceMaleFemale20--2324 and moreUrban areasRural areasn%n%n%n%n%n%Low assessment BCS664444668822Average BCS220000222200High assessment BCS384046482627586168711617Total464850523031666978811819χ23.001.270.48df222*p*0.2230.5300.788[^1][^2]Table 2Respondents\' assessments of the Elderly Medicine (EM) course.Table 2Assessment of a courseGenderAgePlace of residenceMaleFemale20--2324 and moreUrban areasRural areasn%n%n%n%n%n%Low assessment EM88226644101000Average (EM)22880010118822High assessment EM363840422425525460631617Total464850523031666978811819χ27.268.402.58df222*p***0.027\*0.015\***0.275[^3][^4]

Learning objectives assessment {#sec4.2}
------------------------------

Learning objectives (LOs) were shortened and combined for the statistical analysis. According to the results of the survey, participants\' opinions concerning achievement levels for the provided LOs were high in the case of both HF and LF courses. Four out of eight LOs received a majority of 5s (on the Likert scale 1--5) from participants taking the EM course ([Figure 1](#fig1){ref-type="fig"}). The LO, 'considering a patient\'s subjective needs\', received the most 4s on the Likert scale (50%). Comparably, the LO 'dealing with an elderly patient "under the influence" of alcohol or other substances' obtained mostly 4s (44%), a few 3s (12%), and 2s (4%). Just a few 1s and 2s appeared for all LOs provided, with their levels oscillating between 0 and 4% (see [Figure 1](#fig1){ref-type="fig"}).Figure 1Respondents\' levels of understanding concerning the degree of implementation of learning objectives (LOs) for the Elderly Medicine (EM) course.Figure 1

With regard to BCS LOs, the majority earned 5s from the respondents. However, opinions varied noticeably with regard to urinary bladder catheterisation and intramuscular injection procedures. Furthermore, we were struck by responses regarding the peripheral vein cannulation procedure: 8% were scores of 1 ([Figure 2](#fig2){ref-type="fig"}). [Table 2](#tbl2){ref-type="table"} presents the data.Figure 2Respondents\' levels of understanding concerning the degree of implementation of learning objectives (LOs) for the Basic Clinical Skills (BCS) course.Figure 2

Course assessments {#sec4.3}
------------------

The gender of participants and the EM LO 'patients' subjective needs and expectations\' (p = 0.000) were positively correlated. Similarly, the gender of those surveyed positively influenced the assessment concerning the urinary bladder catheterisation procedure (p = 0.010) in the LF course.

The general evaluation positively correlated with the gender and age of respondents in the EM course ([Table 2](#tbl2){ref-type="table"}). The data confirmed the lack of a relationship between BCS assessments and participants\' socio-demographic characteristics ([Appendix 2](#appsec1){ref-type="sec"}).

The recognisable and substantive content of the provided LO influenced evaluations of BCS and EM courses. Regarding the HF course, the Spearman rank R statistic was 0.810, suggesting a strong correlation between the usefulness of the knowledge taught and the course assessment. The LF course was characterised by the Spearman rank correlation 0.668, suggesting a high correlation.

Discussion {#sec5}
==========

The educational LO assessment provided a view on participants\' understanding of the purpose of the laboratories in both types of simulation training, HF and LF. Gandomkar and Sandars and Gandomkar et al. referred to it as students\' metacognitive self-monitoring, ensuring that students are aware of the intended learning outcomes and their level of mastering those outcomes at the end of the course (leading to self-regulated learning).[@bib11]^,^[@bib12] Self-regulated learning empowers clinical judgment and prepares students for future clinical practice.[@bib12]^,^[@bib13] Alwahab et al. confirmed the value of clinical reasoning in medical curricula in their research.[@bib14]

Perceptions of study participants were highly congruent with intended LOs for both EM and BCS courses. Collected data confirmed that the students noticed and attended to prominent educational goals in both courses. Furthermore, the data confirmed that this finding was associated with students\' expectations regarding the intended LOs (substantive content influencing a positive perception of the course). The finding is similar to that of Lyons--Warren et al. in their research, whereby they proposed introducing the means for students to voice intended learning goals and describe that which could influence their satisfaction with the training provided.[@bib15] Moreover, Larsen et al. elaborated about the prerequisite for successful collaborations between teachers and students: both of them must engage with the intended learning goals.[@bib16]

Simulations have been described as valuable in terms of their educational impact. Nevertheless, the educational outcomes of HF and LF simulations remain debateable.[@bib17] In our research, we also addressed the impact of a chosen fidelity on students\' understanding of intended learning outcomes and course assessments as an important factor for increasing our knowledge in this area. The procedural skills in BCS and clinical scenarios in EM seemed to be challenging and at a level appropriate for our sample of medical students, as they touched upon all enumerated LOs.[@bib18]^,^[@bib19]

Our classes were implemented according to research by Beaubien and Baker, as the authors strongly recommended avoidance of by students of premature expositions regarding HF during the 'earliest stages of skill acquisition'.[@bib21] Our results confirmed the legitimacy of this approach, as second-year students identified LOs of the LF course, whereas after two more years of further education they were ready to tackle HF training and identify its purpose (EM).[@bib22]

Research by Adams et al. supported the belief that HF was of no significant benefit to the newer student; they even concluded that HF simulation was redundant for new students.[@bib23] We were directed by a similar belief when implementing LF simulation for second-year students. Munshi et al.[@bib17] have presented a similar view, emphasising that novice students can transfer skills at a high level when using a simple simulator. At more advanced levels, simulation reality mirrors complex tasks at higher speeds.[@bib24] Correspondingly, our second-year students acquired procedural skills taught with LF simulation, whereas fourth-year students encountered HF simulation. Both of these modalities provided apparent LOs uncovered by participants in laboratory activities. Therefore, each fidelity is best utilised only when aligned with educational goals (LOs) which emphasise its use within a programme.

Novice students have only freshly entered the medical world; therefore, pace and non-technical skills are limited within their training.[@bib17]^,^[@bib21]^,^[@bib25] More non-technical skills are acquired with further educational training.[@bib26] This order of teaching modalities is compatible with the Recommendations for Clinical Skills Curricula for Undergraduate Medical Education by the Association of American Medical Colleges.[@bib26]

Interestingly, LF simulation has been proven to surpass traditional classroom didactics in the teaching of medical procedures.[@bib27] Numerous research studies have provided evidence for the usefulness of LF simulation in teaching procedural skills, including laparoscopic procedures,[@bib28]^,^[@bib29] lumbar puncture,[@bib30] vascular surgery,[@bib31] suturing,[@bib33] basic clinical skills,[@bib23]^,^[@bib24] and emergency procedures.[@bib37] Therefore, our choice of the modality used accedes to sound evidence.

A similar body of evidence applies to teaching complex tasks and non-technical skills with HF simulation.[@bib38] Both modalities of the simulation method were successful in achieving an intended LO from the students\' perspective. Educating students on 'learning objectives' may lead to shaping their expectations and attitudes towards the learning process and inspiring a willingness to contribute to it.

Limitations {#sec6}
===========

The sample of participants recruited for our research included students at MUL in Poland; they might differ from medical students at other educational institutions in respect to their curriculum programme and their simulation experience. Additionally, the focus of this study was students\' understanding of LOs embedded in two courses included in the medical curriculum, so it could also be beneficial to conduct a survey concerning other major courses in order to develop greater knowledge on the topic transfer of learning objectives. Furthermore, the degree of understanding and experience among students in the use of simulation technology might have been investigated with other more objective measures, such as assessment outcomes.

Conclusions {#sec7}
===========

Overall, these medical students uncovered LOs embedded in both courses. On the whole, respondents were positive regarding the substantial value of the training in both simulation modalities. Value could be increased, however, by providing more feedback in terms of students\' outcomes concerning the intended LOs.

The use of patient LF and HF simulation in medical education is an exciting and valuable method, which appears to benefit students as a preparation for 'real-life' settings, as well as for reinforcing the established LOs in medical curricula.

Recommendations {#sec8}
===============

We should continue research on the reception of LOs throughout the medical curriculum to amplify student-centredness of implemented courses. Such research should address the diverse learning needs, interests, and aspirations of individual learners, as well as groups of learners, and we should implement objective measures as assessment outcomes.
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[^1]: \*p \< 0.05; χ2- chi2 test; p -- a level of significance χ2; df- the degrees of freedom.

[^2]: Division: 1--2 - Low assessment, 3 - Average, 4--5 - High assessment.

[^3]: \*p \< 0.05; χ2- chi2 test; p -- a level of significance χ2; df- the degrees of freedom.

[^4]: Division: 1--2 - Low assessment, 3 - Average, 4--5 - High assessment.
